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AN ANALYTE DETECTION SYSTEM 
Background of the Invention. 

1. Field of the Invention. 

This invention pertains to a sensor and method for detecting or quantifying ana- 
5 lytes. More particularly the present invention is directed to the detection of analytes by 
certam de novo electrical interactions therieof vnSoi an immobilized macromolecular bind- 
ing agent and the analysis of effects that are produced as a result of such interactions. 

2. Description of the Related Art. 

Chemical and biological sensors are devices that can detect or quantify analytes by 

10 virtue of interactions between targeted analytes and macromolecular binding agents such 
as enzymes, receptors, DNA strands, heavy metal chelators, or antibodies. Such sensors 
have practical applications in many areas of human endeavor. For example, biological 
and chemical sensors have potential utility in fields as diverse as blood glucose monitor- 
ing for diabetics, detection of pathogens commonly associated widi spoiled oac contami- 

1 5 nated food, genetic screening, and environmental testing. 

Chemical and biological sensors are commonly categorized according to two fea- 
tures, namely, the type of material utilized as binding a^nt and the means for detecting 
an interaction betwe^ binding a^nt and targeted analyte or analytes. Major classes of 
biosensors include eazymeiar catalytic) biosensors, immunosensors and DNA biosen- 

20 sors. Chemical sensors make use of synthetic macromolecules for detection of target ana- 
lytes. Some common methods of detection are based on electron transfer, generation of 
chnnnophores, or fluorophores, changes in optical or acoustical properties, or alterations 
in electric properties when an electrical signal is applied to the sensmg system. 

Enzyme (or catalytic) biosensors utilize one or more enzyme types as flie macrOTio- 

25 lecular bin^ng agents and take advantage of the complementary shape of tiie selected 
enzyme and the taigeted analyte. Enzymes are proteins that perform most of tiie catafytic 
work in biological systems and are known for highly specific catalysis. The shape and 
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reactivity of a given enzyme limit its catalytic activity to a very smaD number of possible 
substrates. Enzymes are also known for speed, working at rates as hi^ as 10,000 conver- 
sions per second per enzyme molecule. Enzyme biosensors rely on the specific chemical 
changes related to the enzyme/analyte interaction as the means for determining the pres- 
5 ence of the targeted analyte. For example, upon interaction with an analyte, an enzyme 
may generate electrons, a colored chromophore or a change in pH (due to release of pro- 
tons) as the result of the relevant catalytic enzymatic reaction. Alternatively, upon inter- 
action with an analyte, an enzyme may cause a change in a fluorescent or chemilumines- 
cent signal that can be recorded by an appropriate detection ^stem. 

10 Immunosensors utilize antibodies as binding agents. Antibodi^ are protein mole- 

cules that bind with specific foreign entities, called antigens, which can be associated 
with disease states. Antibodies attach to antigens and either remove the antigens from a 
host and/or trigger an immune response. Antibodies are quite specific in their interactions 
and, unlike enzymes, they are capable of recognizing and selectively binding to very 

15 large bodies such as single cells. Thus, antibody-based biosensors allow for the identifi- 
cation of certain pathogens such as dangerous bacterial strains. As antibodies generally 
do not perform catalytic reactions, there is a need for special methods to record the mo- 
ment of interaction b^een target analyte and recognition agent antibodty. Changes in 
mass (surface plasmon resonance, acoustic sensing) are often recorded; other systems 

20 rely on fluorescent probes that ^ve signals responshre to interaction between antibody 
and antigea Alternatively, an enzyme bound to an antibody can be used to deliver the 
signal through the generation of color or electrons; the enzyme-linked immunosorbent 
assay (ELISA) is based on such a methodology. 

DNA biosensors utilize the complementary nature of the nucleic acid double- 

25 strands and are designed for the detection of DNA or KNA sequences usually associated 
with certain bacteria, viruses oc given medical conditions. A sensor gpnarally uses single- 
strands fiom a DNA double helix as the binding agent Hie nucleic acid material in a 
given test sample is thrai denatured and ejqposed to the binding agent If the strands in the 
test sample are complementary to the strands used as bindbg agent, the two interact The 

30 interaction can be monitored by various means such as a change in mass at the sensor sur- 
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fece or die presence of a fluorescent or radioactive signal. Alternative arrangements pro- 
vide binding of the sample of interest to the sensor and subsequent treatment with labeled 
nucleic acid probes to allow for identification of the sequences of int^est 

Chemical sensors make use of non-biological macromolecules as binding agents. 
5 ITie binding agents show specificity to targeted analytes by \drtue of the appropriate 
chemical fimctionalities in the macromolecules themselves, laical applications include 
gas monitoring or heavy metal detection; the binding of analyte may change Ihe conduc- 
tivity of the sensor surface or lead to changfis in charge that can be recorded by an appro- 
priate field-effect transistOT (FET). Several synthetic macromolecules have been used 
1 0 successfiiUy for the selective chelation of heavy metals such as lead. 

The present invention has applicability to all of the above noted binding agent 
classes. 

Known methods of detecting interaction of analyte and binding agent can be 
grouped into several general categories: chemical, optica, acoustical, and electrical In 

15 the last, a voltage or current is applied to the sensor surface or an associated medium. As 
binding events occur on the sensor surface, there are changes in electrical properties of 
the system. The leaving signal is altered as function of analyte presence. 

The most relevant prior art to the present invention invoWes sensors that are based 
on electrical means for analyte detection. Ibere are several classes of sensors that make 

20 use of applied electrical signals for determination of analyte presence. Amperometric 
sensors make use of oxidation-reduction chemistries in which electrons or electrochemi- 
cally active species are generated or transferred due to analyte presence. An enzyme that 
interacts with an analyte may produce electrons that are delivered to an appropriate elec- 
trode; alternatively, an amperometric sensor may employ two or more enzyme species, 

25 one interacting with analyte, while the other generates electrons as a function of the ac- 
tion of the first enzyme, an arrangement known as a coupled enzyme system. Glucose 
oxidase has been used fiiequently in amperometric biosoisors for glucose quantification 
for diabetics. Other amperometric sensors make use of electrochemically active species 
vAiosG pres^ice ahers the system applied voltage as recorded at a gWen sensor electrode. 

30 Not all sensing systems can be adapted for electron generatfon or transfer, and tiius many 
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sensing needs cannot be met by amperometric methods alone. The general amperometric 
method makes use of an applied voltage and effects of electrochemically active speeies 
on said voltagp. An example of an amperometric sensor is described in U.S. Patent No. 
5,593,852 to Heller, et al, which discloses a glucose sensor that relies on electron trans- 
fer effected by a redox enzyme and electrochemically-active enzyme cofector species. 

An additional class of electrical sensing systems includes those sensore that make 
use primarily of changes in an electrical response of the sensor as a function of analyte 
presence. Some systems pass an electric current tijrou^ a given medium; if analyte is 
present, there is a corresponding change fai an exit electrical signal, and fliis change im- 
plies that analyte is present In some cases, fte binding agent-analyte complex causes an 
altered signal, while in other systems, the bound anatyte itself is the source of changed 
electrical response. Such sensors are distinguished from amperometric devices in that 
Ihey do not necessarify require the transfer of electrons to an active electrode. Sensors 
based on the application of an electrical signal are not universal, in that they depend on 
alteration of voltage or current as a fiinction of analyte presence; not all sensing ^tems 
can meet such a requirement An example of this class of sensors is U.S. Patent No. 
5,698,089 to Lewis, et al, which discloses a chemical sensor in which analyte detection 
is determined by a change of an applied electrical signal. Binding of analyte to chmiical 
moieties arranged in an array alters the conductivity of the array points; unique analytes 
can be determined by the overall changes in conducth^hy of all of fee array points. The 
present invention does not rely oa arrays or chan^ of £5)plied electrical signal as a func- 
tion of analyte presence. The present satisor does not require any applied electrical or 
electromagnetic signal 

Several other publications that do iK)t fell into the preceding cat^ories are worthy 
of mention in the prior art The document. Direct Observation of Enzyme Actmty with the 
Atomic Force Microscope. Radmacher, Manfred et al. Sci«ice 265:1577. 9 September 
1994 noted the existence of augmented spatial fluctuations in enzymes interacting with 
substrates, but did not apply this phenomenon to analyte detection. 
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U.S. Patent No. 5,620,854 to Holzrichter, et al, proposed the use of raacromolecule 
motion to detect analyte. The disclosed system relies specifically on atomic force or 
scanning tunneling microscopes for detection of said motion. 

U.S. Patent No. 5,114,674 to Stanbro, et al discloses a sensor that is based on the 
interference of applied electrical fields. Interaction of target analyte with a binding agent 
alters the interference of the applied electrical field. 

Other prior-art voltage-based sensprs require the use of semiconducting field-effect 
transistors and rely on the chemical generation or physical trapping of charged species 
near the sensor surface. This approach has found widespread use m the detection of posi- 
tively-charged heavy metals as well as analytes that axe involved in proton (H+) generat- 
ing enzyme reactions. The document Endoscopic Urease Sensor System for Detecting 
Helicobacter pylori on Gastric Mucosa, Sato et al Gastrointestinal Endoscopy 49: 32- 
38 (1999) describes a pH-sensitive FET for the detection of the raizyme urease, associ- 
ated with the pathogenic bacterium H. pylori. 

While hundreds of sens(M:s have been described in patents and in the scientific Kt- 
eratuce, actual commercial use of such sensors remains limited. In particular, virtual^ all 
sensor designs set forth in the prior art contain one or more inherent weaknesses. Some 
lack the sensitivity and/or speed of detection necessary to accomplish certain tasks. Other 
sensors lack long-term stability. Still others cannot be suflBcientfy miniaturized to be 
commercially viable or are prohibitively expensive to produce. Some sensors must be 
pre-treated with salts and/or enzyme cofectors, a practice that is inefficient and bother- 
some. To date, virtually all sensors are limited by the known methods of determiniiig that 
contact has occurred between an inmiobilized binding agent and targeted analytes. Use of 
fluorescent or other external detection probes adds to sensor production requir^ents and 
reduces lifrtimes of such sensor systems. Additionally, the inventOT believes that there is 
no sensor m^od disclosed in the prior art that is gmerally applicable to the vast majority 
of macromolecular binding agents, mchiding enzymes, antibodies, antigens, nucleic ac- 
ids, receptors, and synthetic binding agents. 
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Summary of the Invention. 

It is therefore a priraaiy object of some aspects of the present invention to provide 
an improved anaiyte detection system, in which a detection unit is electrically connected 
to a seizor strip so as to allow for detection of de novo electrical currents in a sensor cir- 
5 cuit that are responsive to anaiyte presence. 

It is a fiirther object of some aspects of the invention to describe an electrical circuit 
that includes a sensor strip and a semiconductive element for sensitive, and inexpensive 
anaiyte detection. 

It is an additional object of some aspects of the invention to improve the consis- 

10 tency and ease of use in detection of an anaiyte in a sensor system by inclusion of an ad- 
ditional conductive element in the detection circuit 

In contrast to the above noted U.S. Patent No. 5,593,852, the practice of the present 
invention does not require application of an external voltage, oxidation-reduction chemis- 
try, or electron generation or transfer. Furfherm€»re, in contrast to the above noted disclo- 

15 sures, the present invention does not rely on arrays or changes of applied electrical fields 
or signals as a function of ana^le presence. 

The invention is an extension of the sensor and method described in PCT applica- 
tion PCT/USOO/15400 of common assignee herewith, and herein incorporated by refer- 
ence. The sensor disclosed in PCT application PCTAJSOO/15400 is based on detection of 

20 de novo electrical signals, and is capable of rapid determination of anaiyte presence in 
complex sample matrices. Structural changes involving ccmtact between electrodes, the 
sensor strip and the sensor circuit components disclosed herein provide for further fan- 
proved anaiyte detection tiirough detection and monitoring of phenomena, faicludfaig elec- 
trical signals, that are generated in a sensor circuit during anaiyte faiteraction. 

25 As described in tiie noted PCT application PCT/USOO/15400, which discloses a 

sensor circuit incorporating a base mmb^, or first conducting client and a binding 
agent layer associated with the first conducting element As disclosed in the noted PCT 
application, the metiiodology of anaiyte detection is very sensitive. Using the improve- 
ments of tiie present uivention, it is possible to detect specific pathogemc bacteria consis- 

30 tentiy fai a complex meat matrix within two minutes at 1-10 cells per milliliter of sample. 
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In general, measurement of de novo current in a sensor circuit according to the present 
invention allows for rapid, specific and sensitive determination of analyte presence, 

A sensor strip according to the invention may contain a plurality of identical or 
unique sensor strips so as to increase system detection redundancy and/or multiple ana- 
5 lyte detection capabilities. Component strips of a composite sensor strip may be individu- 
ally monitored, each component strip forming a part of a different sensor circuit. 

In preferred embodiments of the invention sensor strips are unpowered, that is, no 
electrical signal is applied to them. In other preferred embodiments, the sensor strip may 
be powered through application of voltage, current, or other electrical signal to the sensor 

10 strip. In some embodiments, a plurality of sensor strips may be employed in die detection 
of one or a plurality of analytes. 

Contact with the sensor strip is generally electrically passive in nature and occurs at 
one or two positions. One of the electrodes may serve as an electron sink or electrical 
ground The electrodes may be prepared from either conducting or semiconducting mate- 

15 rials or a combination thereof Components of at least one electrode may be selected from 
materials that allow for facile hole donation to a semiconductive element A second con- 
ductive element, preferably composed of indium tin oxide, gold or other high work fiinc- 
tion materials is electrically contacted to the semiconductive element The electrodes are 
generally equipotential. In preferred embodiments employing electrically passive elec- 

20 trode contact with the sensor strip, neither electrode is used to deliver an ejctemal electri- 
cal signal to the unpowered sensor strip. The two electrodes associated with each sensor 
strip may be prepared from the same or different materials. Electrodes may be completely 
unnecessary in embodiments that directfy gen^ate electrolummescence. 

A detection unit is generally contacted to a sensor strip at two positions through 

25 passive contact of associated equipotential electrodes and the detection unit generally 
measures de novo current flow or voltage in a closed circuit The detection unit may si- 
multaneously measure more flian one type of signal and it may be contacted to a plurality 
of sensor strips. Current measurement may be direct or over a resistor for a voltage read- 
ing. A reading or otfa^ indication is recorded when a ^nerated current is passed over a 

30 voltmeter resistor to yield a value read as a voltage, though the original signal is a de 
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novo current responsive to analyte presence. Additionally, the detection unit may fijrther 
process the signal or a component thereof for the purpose of analyte detection and con- 
centration range determination. In some preferred embodiments, a detection unit is un- 
necessary, as the generated current leads directly or otherwise to electroluminescence. 
5 The invention provides a sensor for detecting an analyte, which includes a base 

member or first conductive element, a binding agent layer proximate the base member, a 
semiconductive element proximate the base member, and, a second conductive element 
that is electricalfy contacted to the semiconductive element and the base member. The 
base member and the binding a^nt layer minimally define a sensor strip, while addi- 
10 tional layers such as the semiconductive element or the second conductive element may 
be included in the term "sensor strip" if they are physically associated with the base 
member. 

An aspect of the sensor includes a chemical entity boimd to the base member and 
disposed proximate the binding agent layer. 
15 Yet another aspect of the sensor includes two equipotential leads coupling the sen- 

sor strip to a detection unit, wherein at least one of the equipotential leads is electrically 
contacted to the semiconductive element 

According to still another aspect of the sensor, the work fiinction of the semicon- 
ductive element is intermediate the work fonctions of the base member and the second 
20 conductive element 

According to an additional aspect of the sensor, the second conductive element is 
an element of an electrode of the detection unit. The second conductive elem^t is 
brought into contact widi die semiconductive element 

One aspect of the sensor includes a packaging layer disposed above the binding 
25 agent layer. Hie packaging layer is soluble in a medium that contains the analyte. 

According to another aspect of the sensor, the semiconductive element is an or- 
ganic compound and is physically associated with the base memb» on a first side of the 
base member, and the binding a^nt layer is immobilized on a second side of the base 
member. 
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According to a further aspect of the sensor, the sensor strip includes a plurality of 
sensor strips. 

According to anotiier aspect of the sensor, the semiconductive element is elec- 
troluminescent 

5 The invention provides a method for detecting a predetermined analyte, including 

the steps of providing an electrically conductive base member, and forming a binding 
agent layer of macromolecules in proximity to the base member, wherein the macromole- 
cules are capable of interacting at a level of specificity with the predetermined analyte. 
The method further inchides disposing a semiconductive element on the base member, 

10 wherein fee base member, the binding agent layer and the semiconductive element define 
a sensor strip, disposing a conductive element proximate the semiconductive element, 
exposing the predetermined anafyte to the binding agpnt layer, and, detecting an electrical 
current generated in a closed electrical circuit The current is responsive to presence of 
the predetermined analyte. The closed electrical circuit minimally includes the base 

15 member, the semiconductive element, and a second conductive element electrically coti- 
tacted to the semiconducth^e element and the base member. 

An aspect of die method includes binding a chemical entity to the base member, 
and forming the binding a^nt layer proximate the chemical entity. 

In another aspect of the method, detecting is performed by equipotentially coupling 

20 leads of a detection unit to the sensor strip, wherein one of the leads is coupled to the 
semiconductive elemrat 

Lfi a fiirther aspect of the method, coupling the detection unit is performed by conh 
tacting electrical leads to the sensor strip and the semiconductive element Electrical pas- 
sivity of the leads is maintained during coupling. 

25 In yet another aspect of the method, the conductive element is physical^ associated 

with one of the leads prior to coupling. 

According to still another aspect of the method, the work function of the conductive 
element is less than the work function of the semiconductive element and the work func- 
tion of the conductive element Is greater than the work function of the base member. 
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According to an additional aspect of the method, the semiconductive element is an 
organic compound, and is physically associated with the base member on a firet side of 
the base member. The binding a^nt layer is immobilized on a second side of the base 
member. 

One aspect of the method includes disposing a packaging layer above the binding 
agent layer. The packaging layer is sohible in a medium that contains the predetermined 
analyte. 

Still another aspect of the method includes generating photonic eneigy in the closed 
electrical circuit, the photonic energy being detected remote from the sensor strip. 

According to another aspect of the method, flie sensor strip includes a plurality of 
sensor strips. 

The invention provides a sensor for the detection of an analyte through generated 
electroluminescence, including a base member that has a conductive property, a binding 
agent layer proximate the base memb^-, a electroluminescent semiconducth^e element 
proximate the base member, and a seccmd conductive element that is electrically con- 
tacted to the base member and the semiconductive element. 

According to an aspect of the sensor, the work function of the smiiconductive ele- 
ment is intermediate the work fiuidaons of the base manber and the second conductive 
element. 

According to yet another aspect of the sensor, the second conductive element is 
optically opaque. 

Brief Description of the Drawings. 

For a better understanding of these and other objectives of die present invention, 
reference is made to the following detailed description of the invention, by way of exam- 
ple, which is to be read in conjunction with the following drawings, wherein: 

Fig. 1 is a schematic view of a sensor detection system (100), which is constructed 
and operative in accordance with a preferred embodiment of the invention, wherem a 
sensor strip (122) comprised of base member (120), chemical entity (132), binding a^nt 
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layer (140) and packaging layer (150) forms a closed sensor circuit with electrodes (160, 
161), semiconductive element (198) and detection unit (170); 

Fig. 2 is a plot (200) of data from a control experiment, using the system shown in 
Fig, 1, in which the binding agent was a monoclonal antibody for pathogpn, E. coli 
5 0157JI7; 

Fig. 3 is a plot (300) of data from an the experiment performed under the conditions 
of the experiment shown in Fig. 2, in which target analyte was present; 

Fig. 4 is a schematic view of a sensor detection system (400), which is constructed 
and operative in accordance with an alternative embodiment of the invention^ wherein a 
1 0 semiconductive element (498) is associated with a sensor strip (422); 

Fig. 5 is a schematic view of a sensor detection system (500), which is constructed 
and operative in accordance witfi an alternative embodiment of the invention, wherein a 
semiconductive element (598) is placed between base member (520) having a low wotk- 
fiinction, and a second conductive element (597) having a high work frinction; 
15 Fig. 6 is a schematic view of a multiplexed alternative embodiment of a sensor de- 

tection system (600), which is constructed and operath^e in accordance with an ahemate 
embodiment of the invention; 

Fig. 7 is a schematic view of a sensor detection system (700), which is constructed 
and operative in accordance with an alternate embodiment of the mvention, wherein ana- 
20 lyte-responsive generated current is detected through electroluminescmce produced by 
the sensor system; and 

Fig. 8 is a schematic view of senscH: system (800), ^hich is constructed and opera- 
tive in accordance with an alternate embodiment of the inv^tion showing a sensor 
strip (822) in contact with sample (853). 

2 5 Description of the Preferred Em bodiment. 

In the following description, numerous specific details are set forth in order to pro- 
vide a thorough understanding of the present invention. It will be apparent, however, to 
one skilled in the art that the present invention may be practiced without these specific 
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details. In other instances well-known circuits and control logic have not been shown in 
detail in order not to unnecessarily obscure the present invention. 

Definitions. 

Certain tenns are now defined in order to fecilitate better understanding of the pre- 
set inv^on. 

An "analyte" is a material that is the subject of detection or quantification. 

'"Work fUnctiorf' is the electronic work function, which is the energy required to 
move an electron from (he Fermi level to the vacuum level. 

A 'T)ase member" is a solid or liquid element on or near which macromolecules can 
be physfcally or chemically immobilized for the puipose of analyte detection. 

''Macromolecules", "macromolecular binding agents", ''binding agents" or "mac- 
romolecular entities" can be any natural, mutated, synthetic, or semi-synthetic molecules 
ttiat are capable of interacting wifli a predetermined analyte or group of ar^alytes at a level 
of specificity. 

A "binding agent layer** is a layer proximate the base member and composed of one 
or a phirality of bindir« agents. The binding agent layer may be composed of more than 
(Mie type of binding a^nt A binding agent layer may additionally include molecules 
othCT than binding agents. Cross-linking agents may be applied to bind separate compo- 
nents of a binding agent layer together, 

A "chemical entity" is a chemical layer that is disposed proximate the base member 
on eitfier one or bofli sides of the base member. It may serve to partiaUy insulate the base 
member from direct contact with binding agents, or it may serve as the semiconductive 
element defined below. Chemical entities may be difierentiaUy deposited on opposite 
sides of a base member by any means or multiple layers on a given side of the base mem- 
ber may be CMsidered a single chemical entity. Natural oxides may serve the role of 
chemical entity. 

A "packaging layer" is defined as a chemical layer disposed above flie binding 
agent layer. The packaging layer may aid in long term stability of die macromolecules, 
and m the presence of a sample that may contain analyte of interest, the packaging layer 
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may dissolve to allow for r^id interaction of analyte and binding agents. The packaging 
layer may also serve in conjunction witfi the charged macromolecules in the role of a 
semiconductive element defined below. Such may be the case when a sensor is coated 
equally on both sides with chemical entities, macromolecules, and packaging layer. 
5 A "sensor strip" is defined as a minimum of a single base member and its associ- 

ated binding agpnt layer. If multiple macromolecular entities, chemical entities, packag- 
ing layers or other elements are physically associated with the base member, then they are 
included m the term "sensor strip". 

An "electrode" or "lead" is a wire, electrical lead, connection, electrical contact or 

10 the like that is attached at one end to a detection unit and contacted at the other end di- 
rectly or indirectly to a sensor strip. 

Hie terms "generated" and "de novo" electrical signals are used with respect to the 
electrical arts. Specifically by these terms, it is intended to exclude obligate oxidation- 
reduction chemistries and electrical phenomena resulting directly or otherwise from the 

15 necessary application of an external electrical or electromagnetic signal to sensor strip or 
sample. A generated or de novo electrical signal in the present invention is one that is 
produced in a sensor circuit as described herewith without any required application to the 
sensor strip of electrical or electromagnetic signal. Additionally, there is no oxidative 
transfer of electrons between the base member and binding agent, analyte, or sample. 

20 A "detection unif is any devfce or material that allows for the detection of one or 

more electrical signals generated in a sensor circuit 

"Semiconductive elemenf ' refers to a material of semiconductive property included 
in a "sensor circuif ' that minimalfy includes one such element in addition to a base mem- 
ber or first conductive element, and a second conductive element The semiconductive 

25 element may be present as a coating, chip or other form. 

A "second conductive element" is an electrically-conducting material that is elec- 
trically contacted to the semiconductive element and is distinct from the ccxiductive base 
member. The second conductive element is electrically contacted to the base member, 
ei&L&c directly or through the components of a sensor circuit Coatings of hi^ work fimo- 

30 tion metals such as gold and indium-tin oxide are preferred in the role of second conduc- 
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tive element when the base member is a low work function metal. Alternatively, if the 
base member is a high work fiinction metal, the second conductive element may be a low 
work function metal such as calcium or aluminum. 

Without being bound by any particular theory, the following discussion is offered 
to fecilitate understanding of the mvention. The sensor design disclosed herein is based 
on de novo electrical signals generated in a sensor circuit as a function of anafyte pres- 
ence. The sensor utilizes a novel method of detecting an analyte wherein macromolecular 
binding agents are first inmiobilized as a binding agent layer proximate an electrically 
conductwe base member. De novo electrical signals such as current in a circuit that inr 
dudes the base member can be monitored for change during exposure of tte macromo- 
lecular binding agents to a sample that may contain target analyte. In the present inven- 
tion, the advantages of particular forms of sensor strip contact are disclosed more fully. 
Specifically, a semiconductive element placed between base member and a second con- 
ductive element may be utilized in orfer to facilitate signal measurement and analyte de- 
tection. The semiconductive element may be electroluminescent 

In the various embodiments disclosed herein, like elements have like reference nu- 
merals differing by multiples of 100- 

First Embodiment 

Reference is now made to Fig. 1, which is a schematic of a sensor detection sys- 
tem (100) that is constructed and operative in accordance with a preferred embodiment of 
the invention. The sensor detection system (100) comprises a sensor strip (122), which is 
part of a sensor circuit (120, 160, 170, 161, 197, 198) m which one or more electrical sig- 
nals are generated internally in the sensor circuit (120, 160, 170, 161, 197, 198) itself 
Provision is made for an external detection unit (170) to be coupled to the sensor 
strip (122) using equipotential, electrically-passive electrodes (160, 161) to provide con- 
tact between the sensor strip (122) and the detection unit (170). lie equipotential passive 
electrodes (160, 161) of the detection unit (170) are contacted to the sensor strip (122) at 
a contact position (165) and to a semiconductive element (198) at a contact posi- 
tion (167). The electrode (161) is provided with a second conductive element (197) in the 
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form of a gold coating. In Fig. 1, the electrode (161) and the second conductive ele- 
ment (197) are shown in a non-contacting relationship with the sensor strip (122) for clar- 
ity of presentation, it being understood that in operation the second conductive ele- 
ment (197) is contacted with the semiconductive element (198), as indicated by the dou- 
5 ble-headed arrow. 

The sensor circuit (120, 160, 170, 161, 197, 198) superficially models raetal- 
semiconductor-meta] organic light-emitting diodes (OLED's) with metal-insulator- 
metal (MM) or metal-semiconductor-metal (MSM) structure. Hie purpose of the semi- 
conducth^e element (198) is to aid in facile signal capture. The semiconductive element 

10 (198) may be present as a coating, chip or other form. The presence of at least one semi- 
conductive element (198) between a base member (120) and tiie second conductive ele^ 
ment (197) facilitates measurement of de novo electrical signals in the sensor cir- 
cuit (120, 160, 170, 161, 197, 198). Interaction of analyte (155, 157) witti a binding a^nt 
layer (140) causes perturbation of the electron cloud in the base member (120). Anafyte- 

15 associated electrostatic fields drive electrons from the base member (120) into the semi- 
conductive element (198), widi concomitant motion of holes from the second conductive 
element (197) into the semiconductive element (198), The holes and electrons recombine 
in the semiconductive element (198). In some embodiments, light is generated, as is ex- 
plained hereinbelow with reference to Fig. 7. In otha embodiments holes flow througji 

20 the detection unit (170) and allow for current measurement Hole motion throu^ the de- 
tection unit (170) is an analyte-responsive signal. 

In general, metals having low work functions are preferred for the base mem- 
ber (120).Conducting and semiconducting foils, coatings, thin-films, inks, and solid 
pieces are particubrly preferred fcx the base member (120). 

25 The semiconductive element (198) is preferably prepared from organic compounds 

and has a work fimction between ttiose of tiie base member (120) and the second conduc- 
tive element (197). Examples of q>propriate semiconductive elements include, but are not 
limited to semiconductive coatings, organic pofymers, and tiie like. Semiconductive ele- 
ments may be incoiporated directly into detection unit, associated electrodes or sensor 
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strips, although in Fig. 1, the semiconductive element (198) is shown as a distinct struc- 
ture for clarity of pres«itation. 

Semiconductive elements may be incorporated directly into detection unit, associ- 
ated electrodes or sensor strips and are shown as a distinct elements in the accompanying 
5 figures for the purpose of convenience of presentatioa 

In particular applications, work functions for the base member (120), the semicon- 
ductive element (198), and the second conductive element (197) are selected for optimal 
delivery of base member electrons and electrode holes into the semiconductive element 
(198). It is believed that electrons and holes combine in the semiconductive element 

1 0 (198) to form excitons. 

The detecticm unit (170) may then measure a current, or other electrical signal gen- 
erated in the sensor circuit (120, 160, 170, 161, 197, 198) as a fimction of analyte interac- 
tion with the sensor strip, as is disclosed in further detail hereinbelow. 

The detection unit (170) may also serve to ground the sensor strip (122) prior to 

15 measurement, so that stray signals are removed prior to exposure of sample to the sensor 
strip (122). Such grounding may be performed either through an optional switched 
grounding electrode (168) or using a separate contact between the detection unit (170) 
and the sensor strip (122) (not shown). Grounding may also be performed at times during 
operation of the sensor detection system (100) in order to enhance signal quality. 

20 The binding agent layer (140) is located proximate the base member (120). A 

chemical entity (132) is disposed between the base member (120) and the binding agent 
layCT(140). Self-assembled monolayers are particularly preferred in the role of the 
chemical entity (132). Typically, the chemical entity (132) is a self-assraibled monolayer 
("SAM") formed proximate tiie base manber, with binding agent layer (140) disposed 

25 above the SAM. For the purposes of this inv^tion, "proximate" with respect to the bind- 
ing agent layer (140) disposition relatwe the base member is defined as any distance that 
allows for analyte-responsh^e generation of a de novo electrical signal in the sensor cir- 
cuit (120. 160, 170, 161, 197, 198) as defined hereinabove. 

An optional packaging layer (150), shown on the left side of Fig. 1, is a layer of 

30 water-soluble chemicals deposited above the inunobilized mao-omolecules of the bindmg 
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agent layer (140). The packaging layer (150) may be deposited by soaking or spraying 
methods. The packaging layer (150) serves to stabilize the binding agent layer (140) dur- 
ing prolonged storage. In the absence of a packaging layer, oil and dirt may build up on 
the hydrophilic binding agent layer (140) and may interfere with the rapid action of the 
5 sensor system. Glucose and a salt, such as sodium chloride, are typicalfy used for the 
packaging layer (150) so as to guarantee their dissolution in aqueous samples, and tfius 
facilitate direct interaction between macromolecular binding agents of binding agpnt 
layer (140) and analytes (157). Other chemicals may be chosen for use in the packaging 
layer. Water-soluble polymers, sugars, salts, organic, and iiwrganic compounds are aU 

10 appropriate for use in preparation of the packaging layer (1 50). 

As shown on ttie left side of Fig. I, free analyte (155) is disposed proximate the 
packaging layer (150) prior to its dissolution. When the packaging layer (150) dissolves, 
flie macromolecules incorporated in the binding agent layer (140) are free to immediatefy 
interact with anafyte (157), as shown on the right side of Fig. 1, After dissolution of the 

15 packaging layer (150), analyte (157) is shown interacting with the binding agent 
layer (140) on the ri^t side of Fig. 1. The anafyte (155, 157) can be a member of any of 
ttie following categories, listed herein without limitation: cells, organic compounds, anti- 
bodies, antigens, virus particles, pathogenic bacteria, metals, metal complexes, ions, 
spores, yeasts, molds, cellular metabolites, enzyme inhibitors, receptor ligonds, nerve 

20 agents, peptides, proteins, fatty acids, steroids, hormones, narcotic agents, synthetic 
molecules, medications, enzymes, nucleic acid single-stranded or double-stranded poly- 
mers. The analyte (155) can be present in a solid, liquid, g^s or aerosol Hie analyte (155) 
could even be a group of different anafytes, that is, a collection of distinct molecules, 
macromolecules, ions, organic compounds, viruses, spores, cells or the like that are the 

25 subject of detection or quantification. Some of Ifae analyte (157) physical^ interacts with 
the sensor strip (122) after dissohition of the package layer (150) and causes an in- 
crease in electrical signals generated in the sensor circuit (120, 160, 170, 161, 197, 198). 
Contact of electrodes (160, 161) to sensor strip (122) and semiconductive elem^t (198) 
aOows for measurement of such a de novo electrical signal that is responsive to anal^ 

30 presence. There is no requiremmt for application of a voltage or oftier electrical sigqal to 
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the sensor strip (122) prior to or during measurement of generated electrical signals by 
the detection unit (170). In some embodiments, one may apply such an external signal, in 
which case the generated electrical signal in the sensor sj^tem that is responsive to ana- 
lyte presence will alter the exit signal 
5 Examples of macromolecular binding agents suitable for use as the binding agent 

layer (140) include, but are not limited to enzymes that recc^nize substrates and inhibi- 
tors, antibodies that bind antigens, antigens that recognize target antibodies, receptors that 
bind ligands, Hgands that bind receptors, nucleic acid single-strand polymere that can 
. bind to form DNA-DNA, RNA-RNA, or DNA-RNA double strands, and synthetic mole- 

10 cules that interact with targeted analytes. The present invention can thus make use of en- 
zymes, peptides, protems, antibodies, antigens, catalytic antibodies, fatty acids, receptors, 
receptor ligands, nucleic acid strands, as well as synthetic macromolecules in the role of 
the binding agent layer (140). Natural, synthetic, semi-synthetic, over-expressed and ge- 
netically-altered macromolecules may be employed as binding agents. The binding agent 

15 layer (140) may form monolayers, multilayers or mixed layers of several distinct binding 
agents or binding agents with other chemical components (not shown). A monolayer of 
mfaced binding agents may also be employed (not shown). The binding ^nts in the bind- 
ing agent layer (140) may be cross-linked together with glutaraUdiyde or oth^ chemical 
cross-Unking agents. 

20 The macromolecule component of the binding agent layer (140) is neither limited 

in type nor number. Enzymes, peptides, receptors, receptor ligands, antibodies, catalytic 
antibodies, antigens, cells, fstty acids, synth^ic molecules, and nucleic acids are possible 
macromolecular binding agents in the present invention. The sensor detection sys- 
tem (100) may be applied to detection of many classes of analyte because it relies on the 

25 following properties shared by substantially all applications and enibodiments of the sene- 
sor detection system according to the preset invention: 

(1) that the macromolecules chosen as binding agents are lugbly specific enti- 
ties designed to bind only wife a selected analyte or group of analytes; 

(2) that analytes have associated electrostatic fields; 
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(3) that binding of analyte electrostatically induces electrons from the con- 
ducting base member into the semiconductive element; and 

(4) that the resulting positive charge in the base member and second conduc- 
tive element leads to hole delivery to the semiconductive element and analyte-associated 

5 current. 

Hie broad and generally applicable function of the sensor detection system (100) is 
preserved during formation of the binding agent layer (140) in proximity to the base 
member (120) because the binding agent layer (140) formation can be effected by either 
specific covalent attachment or general physical absorption. It is to be emphasized that 

10 file chan^ in de novo signal that is associated with analyte presence does not depend on 
any specific enzyme chemistries, optical effects, fluorescence, chemiluminescence, oxi- 
dation-reduction phenomena or applied electrical signals. Additionally, there are no ref- 
er&ace electrodes, and the two detection unit electrodes are generally equipotential prior 
to measurement of signal generated in the sensor circuit. These features are important ad- 

15 vantages of die present invention. Additionally, during operation of the sensor detection 
system (100), current is actually generated, and the generated electricity may be of use in 
color-based analyte detection systems that do not require use of a detection unit. Excitons 
produced by hole-electron combination in the semiconductive element (198) can produce 
light visible to the human. The semiconductive element (198) may be an organic light 

20 emitting material. 

The detection unit (170) is any device or material that can detect one or more de 
novo signals in a scdsot circuit as a result of sensor strq> exposure to a sample that con- 
tains analyte (155). Examples of such signals inchide but are not limited to electrical cur- 
rent; magnetic field strength; induced electromotive force; voltage; lig^it; impedance; sig- 

25 nal sign; frequency component or noise signature of a predetermined electrical signal 
propag^ed into a sensor strip at a first location and received at a second location. While 
the detection unit (170) may be a digital electrical metering device, it may also have addi- 
tional fimctions that include, but are not limited to sensor strip grounding, data storage, 
data transfer, data processing, alert signaling, command/control fimctions, and process 

30 ccMitrol. Detection units may be contacted dirough **Ieads", realized as electrodes to one 
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or a plurality of sensor strips. The detection unit (170) may be a digital voltmeter. In any 
case, the de novo signal produces a reading or indication in the detection unit (170). In 
some embodiments, the de novo signal may be an electrical voltage or a current, and the 
reading or indication can be a voltage value measured over an internal resistor of the d^ 
tection unit (170). 

Baseline readings in the detection unit (170) may be detemiined from a sample that 
lacks target analyte or analytes or by grounding the sensor strip (122) prior to sample ex- 
posure in a manner disclosed above. 

The specific design of the detection unit (170) depends on what quantity or quanti- 
ties are being observed, e.g., current, magnetic field flux, fi^uency, impedance. The de- 
tection unit may be integrated into a computer (not shown) or other solid-state electrcmic 
device for easier signal processing and data storage. The same or a different computer 
may be used to control sample application or sample serial dilution in order to monitor 
both sample manipulation as well as the generated electrical responses in a single or mul- 
tiplexed sensor strip anrangement The detection unit may also be a voltage-sensitive dye 
or colored material. 

TTie implications of the analyte detection methodology are significant Firstfy, de- 
tection can take away from the direct point of macromolecule-anafyte contact, as the eleo 
trons and holes can recombine in the semiconductive element at a point removed from 
analyte-macromolecule interaction. This feet allows for closed-package Tood sensing" or 
Ifae sensing of potentially hazardous samples, e.g. blood in closed containers. One portion 
of the sensor contacts the material of interest, ^e detection of anafyte-responshre de 
novo electrical signals occurs between on the exposed portion of the sensor strip. 

The implications are that nearfy any matCTial that can be recognized at a level of 
specificity by a peptide, protein, antibocfy, enzyme, receptor, nucleic acid single strand, 
synthetic binding agent, or the Ufce can be detected and quantified safely in food, body 
fluids, air or oflier samples quicWy, cheaply, and with higji sensitivity. Response is very 
rapid, generally less than 90 seconds. Cost of manufacture is tow, and sensitivity has been 
shown to be very higjb. 
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Example 1. 

Hie analysis in this example was perfomied using the embodiment of Fig. 1. 
Ground turkey meat (5.11 g) was re-suspended in deionized water (40 ml). The suspen- 
sion was vortexed and used as a background for detecting a specific bacterial strain. Sen- 
sor strips specific for pathogen £ coli 0157iI7 were prepared as follows. Aluminum foil 
having a matte surfece and a shiny surface (Diamond FoU, Reynolds Metals Co., 555 
Guthridge Court, Norcross, GA 30092) was treated with an aqueous solution of mono- 
clonal antibody specific for £. coli 0157 (Product C65310M, Biodesign International, 60 
Industrial Park Road, Saco, Maine 04072 USA) at an q)proximate concentration of 18 
microgram per milliliter. The solution was at near pH 5.0, so as to increase the number of 
piotonated carboxylic acid moieties on the protein for interaction with the aluminum ox- 
ide surfece. The solution was kept in contact with the aluminum foil for approximately 20 
minutes and then the aluminum foil was rinsed with deionized water. The aluminum was 
next rinsed with a concentrated solution of sodium chloride and sucrose and then allowed 
to air dry. In this example, the aluminum foil was used for the base memter (120), the 
monoclonal antibodies formed the binding agent layer (140), and sodium chloride and 
sucrose made up the packaging layer (150). In this example, the natural aluminum oxide 
serves as chemical entity (132). While the antibodies were applied to the shiny side of the 
aluminum foil, an organic semiconductor was applied to the matte side, specifically op- 
posite the location of the bound bindmg agent layer. Phthalate-containing commercial 
nail polish (Product No. 53 firom A. Atar, Israel) was used as the semiconductive ele- 
ment (198). Another suitable nail polish is Orly® Nafl Color, Orly hitemational, 9309 
Deering Avenue, Chatsworth, OA 91311-5856, USA). It is believed that a dibutyl- 
phthalate component in the naU polish acts as an orgsnic semiconductor capable of re^ 
ceimg electron fiom the alummum base member and receiving holes &cm gold of the 
secOTd conductive element (197). Hie polish was allowed to dry and strips were cut with 
appioxunate dimensions of 1 cm x 4 cm. Individual strips were placed partially in an Ep- 
pendorf tube wifli the nafl polish-treated side of the aluminum fofl e5q)0sed for contact 
with electrodes attached to a Flute 189 multimeter, having data collection software, 
which was used for the detectim unit (170). Gold coated black and red banana leads of 
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the Fluke 189 multimeter were used as the electrode (161) and the electrode (160) respec- 
tively. The black banana lead was contacted to the naU polish-treated surfece, while the 
red banaim lead was contacted directly to the aluminum foil. A gpld coating on the blade 
banana lead served as the second conductive element (197). 
5 Reference is now made to Fig. 2, which is a signal time plots of the output of the 

Fluke 189 multimeter taken during exposure of a sensor strip, prepared according to this 
example, to flie turkey-water suspension as a background experiment. As shown in a 
plot (200), there was no significant signal produced. When gold coating of the black ba- 
nana lead contacted tiie semiconductor, at a pomt (202), rectified signal current produced 
10 a negative signal. The lowest reading recorded over an interval of sbc minutes was -0.06 
microamperes, as indicated by a point (204). This sample was shown by plating and stan- 
dard bacteriological culture to contain non-target bacteria, and not to contain the target 
bacterium, E coli 0157da7. 

Reference is now made to Fig. 3, which is a signal time plot of the output of tiie 
15 Fhifce 189 multimeter. A plot (300) was taken during exposure of anotiier sensor strip, 
prepared accordmg to this example, to the same turkey-water suspension, after the sus- 
pension had been spiked with K coli 0157H7 that had been stored fix>zen and then 
thawed. As seen on the plot (300), a much stronger signal was recorded within one min- 
ute, as compared with the plot (200) (Fig. 2). Over die course of the experiment, signals 
20 exceeding 25 microamperes were recorded, for example at a point (302) and at a 
point (304). Quantitative bacteriological culture by routine plating of the stock material 
used fOT the experiment indicates that the number of colony-forming units (cfii's) in the 
one milliliter sample tested was approximately 30,000. 

Removal of the gold fix)m the black banana lead, electrode (161), resulted in loss of 
25 signal, while removal of gold coating fix)m the red banana lead, electrode (160), which 
was diiectfy in contact with the aluminum foil used as flie base member (120), did not 
cause any change in sensor performance. 

It was found that covering the gold plating of the electrode (161) tiiat serves as the 
second conductive element (197) with aluminum when the electrode is in contact with the 
30 nail polish consistently resulted in cessation of signal during active experiments. It is be- 
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lieved that the work fimction of aluminum is inappropriate for delivery of holes to the 
component of the nail polish that functions as the semiconductive element (198) . Addi- 
tionally, nitrocellulose present in the nail polish appears to prevent direct contact betweea 
the second conductive element (197), namely the gold coating on the electrode (161) with 
5 aluminum foil of the base member (1 20). 

Second embodiraent 

Reference is now made to Fig. 4, which is a schematic of a sensor detection sys- 
tem (400) that is constructed and operative in accordance with an alternate embodiment 
of the invention. The sensor detection system (400) is similar to the sensor detection sys- 

10 tem(100)(Fig. 1), and like elements have like reference numerals, advanced by 300. In 
the sensor detection system (400), the chemical Qitity(132), the packagmg layer (150), 
and the second conductive element (197) are omitted A second conducth^e element (497) 
is mtegral witii a sensor strip (422), having an area of contact with a semiconductive ele- 
ment (498) at a position (467). An electrode (461) is moved into a contacting relationship 

15 at a position (499) with the second conductive element (497) during operation, as indi- 
cated by the double-pointed arrow in Fig. 4. 
Example 2« 

Using the embodiment of Fig. 4, a conducting polymer is employed as a base 
member (420). On one side, antibodies for blood-related virus antigens are immobilized 

20 to form a binding agent layer (440). The layer is brieffy treated witii dilute glutaraldehyde 
to effect partial cross-linking and lattice stabilization. On the opposite side of the base 
member, a polymeric semiconductor coating is applied to the second conductive ele- 
ment (497) to form tiie semiconductive element (498). The sensor strip (422) is contacted 
to two electrodes (460, 461) of a digital voltmeter-based detection unit, which is used as a 

25 detection unit (470). One of tiie electrodes (460, 461) is contacted directly to the base 
member at position (465), while the other one of tiie electrodes (460, 461) is contacted to 
the semiconductive element (498) at the position (467). A drop of whole blood (not 
shown) is placed on the sensor strip (422), on tiie same side as the binding agent 
layer (440). If a viral antigen is present iq tiie drop of whole blood (not shown), tiien its 
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interaction with the binding agent layer (440) will lead to a reading or indication in the 
detection unit (470). 

Thinl Embodiment. 

Reference is now made to Fig. 5, which is a schematic of a sensor detection sys- 
tem (500) that is constructed and operative in accordance with an alternate embodiment 
of the inventioa The sensor detection system (500) is similar to the sensor detection sys- 
tem (100) CFig. 1), and like elements have like reference numerals, advanced by 400. A 
secOTd conductive element (597) is integral widi a sensor strip (522), having an area of 
contact with a semiconductive element (598) at a position (567). An electrode (561) is in 
a contacting relationship at a position (599) with flie second conductive element (597). 
The semiconductive element (598) contacts a base member (520) of the sensor strip (522) 
direct^. 
Example 3. 

In this example, a metal foil serves as the base member (520). A non-conducting 
chemical entity (532) is applied to one side of the fofl. On the same side of the foil as the 
chemical entity (532), a binding agent layer (540) is formed above the chemical en- 
tity (532) by soaking the coated foil in a sohition of single-strand nucleic acid binding 
agents. A packaging layer (550) is formed above the binding agent layer (540) by soaking 
the sensor strip (522) in a solution of sodium chloride and sucrose. A detection unit (570) 
is a digital ammeter, with a first electrode (560), and a second electrode (561), the elec- 
trode (561) being coated with a deposited layer to form the second conductive element 
(597) of indium tin oxide at its electrode tip. Above the indium tin oxide is deposited an 
organic polymer, which serves as the semiconductive element (598). The electrode (560) 
is contacted to the sensor strip (522), directly at the base member at position (565). The 
second electrode (561) with associated indium tin oxide and semiconductive element is 
similarly contacted to the sensor strip (522) at a position (567). A drop of blood (not 
shown) is applied to the packaging layer (550), which dissolves to expose the binding 
agpnt layer (540). If the analyte DNA single strand is present in the blood, then a current 
wfll be generated in a closed sensor circuit (520, 560, 570, 561, 597, 598). Li this exam- 
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pie, the electrode (561) is coated with a metal having a high work function, indium tin 
oxide, which serves as the second conductive element (597), while the organic polymer 
deposited over the indium tin oxide serves as the semiconductive element (598) 

Fourth Embodiment 

5 Refer^ice is now made to Fig. 6, which is a schematic of a sensor detection sys- 

tem (600) Aat is constructed and operative in accordance with an alternate embodiment 
of the invention. Hie sensor detection system (600) employs multiplexed sensor strips for 
multiple analyte detection. A plastic substrate (601), for example polyethylene, is coated 
with conducting ink Imes (621, 622). On each of the conductive ink lines (621, 622) is 

10 bound a binding agent lay^(641, 642) of a unque antibody specific for a given food 
patiiogenic bacteria, thereby defining two sensing units (625, 635). Each of the ink 
lines (621, 622) is conlacted by two unique leads (661, 662, 663, 664) of a detection unit 
(670). Two separate semiconductive elements (698, 699) are externally located in the de- 
tection unit (670), each of tiie semiconductive elements (698, 699) forming a component 

15 of a first sensor circuit (670, 698, 662, 625, 661), and a second sensor circuit (670, 699, 
664, 635, 663). The operation of the sensing units (625, 635) is similar to the operation of 
the sensor strip (122) of tiie sensor detection system (100) (Fig. 1), although the physical 
arrangement and structure are different. 
Example 4. 

20 A liquefied food sample is applied to the sensing units (625, 635). The presence of 

a ^ven pathogenic bacterium causes a generated electrical signal to be recorded in one of 
the first sensor circuit (670, 698, 662, 625, 661), or the second sensor circuit (670, 699, 
664, 635, 663), whichever circuit is associated with the antibody binding agent specific 
for the given bacterial agent present in the sample. 

25 Fifth Embodiment 

Reference is now made to Fig. 7, which is a schematic of a sensor detection sys- 
tem (700) that is constructed and operatn^e in accordance with an ah^nate embodiment 
of fhe invention. A glass substrate (701) is coated with an opaque layer of indium tin ox- 
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ide that forms a second conductive element (723). The second conductive element (723) 
is partially coated with a polymer to form a semiconductive element (798). A base mem- 
ber (720) is formed by a coating of aluminum metal fliat is applied on top of the semicon- 
ductive element (798), and the segment (727) of the second conducting element (723) 
5 that is not masked by the semiconductive element (798). A binding agent layer (740) is 
immobilized above the base member (720). A sample with analyte (757) is applied to the 
binding agent layer (740). The presence of the analyte (757) causes electrons fix)m the 
aluminum of base member (720) and holes from the indium tin oxide of the second con- 
ductive element (723) to combine in the semiconductive element (798) and form exci- 
10 tons. Breakdown of the excitons leads to the emission of photons (729), which indicates 
presence of the analyte (757). Hie photons (729) are suitably amplified and processed by 
appropriate signal processing circuitry (not shown), and both the presence and the quanti- 
tation of the photons (729) may be recorded using conventional automatic data process- 
ing techniques. 

15 The work function of the indium tin oxide of the second conductive element (723) 

is higher than that of the semiconductive element (798), and is appropriate for hole dona- 
tion into the semiconductive element (798). Hole donation occurs even in the absence of 
a physically connected detection unit The sensor detection system (700) can operate 
without a physically connected detection unit or associated electrodes. It is possible to 

20 detect the presence of the ana^e (757) by a remote detecting unit (770), such as a photo- 
sensitive device or material, having suitable optics and spatial resolution, so that the re- 
mote detecting unit (770) can monitor many instances of the sensor detection sys- 
tem (700) simultaneously. In some embodiments, it is possible for the user to detect 
emission of the photons (729) using direct vision, in which case the remote detecting unit 

2 5 (770) can be entirely omitted. 

In some embodiments Ifae semiconductive element (798) can be a multflayered 
OLED. The presence of additional electron transport and hole transport layers (not 
shown) or other coatings may greatly enhance signal ^neraticm efSciency during analyte 
detection or quantification. 
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Sixth embodiment 

Refeence is now made to Fig, 8, which is a schematic of a sensor detection sys- 
tem (800) that is constructed and operative in accordance with an alternate embodiment 
of the invention. The sensor detection system (800) is similar to the sensor detection sys- 
5 tem (100) (Fig, 1), and like elements have like reference numerals, advanced by 700. A 
sensor strip (822) is exposed to a sample (853) that contains target analyte (855). Typi- 
cally, the sample (853) is disposed in a fluid container (856). A detection unit (870) is 
coupled to the sensor strip (822) and to a semiconductive element (898) via a pathway 
(871). In some embodiments the pathway (871) can be realized as an electrode, in which 

10 case a second electrode (873), indicated as a broken line in Fig. 8, connects the detection 
unit (870) to a base member (820). 

In other embodiments the pathway (871) can be an optical pathway, in which case 
the electrode (873) is omitted, and the sensor strip (822) is constructed similar to the sen- 
sor strip (722) (Fig. 7). The sample (853) and the sensor strip (822) may be remote fix>m 

15 the detection unit (870), and there need not be direct physical contact with the detection 
unit (870). Remote detection capability is an important feature of the sensor detection 
system (800). Hie implications of remote detection are ftat nearly any material that can 
be lecognized at a level of specificity by a peptide, protein, antibody, enqme, receptor, 
nucleic acid single strand, synthetic binding agent, or the like can be detected and quanti- 

20 fied safely in food, body fluids, air or other samples quickly, cheaply, and with high sen- 
sitivity. Remote detection also enhances the utility of the sensor detection system (800) in 
hazardous environments, or in locations whm the presence of an operator is impractical. 

Response is very rapid, general^ less than 90 seconds. Cost of manufecture is low, 
and sraisitivity has been shown to be suflBciently high for practical analyte detectioa 

25 Hie present invention has been described with a certain degree of particularity, 

however those versed in the art vM readily Ey^preciate that various modifications and al- 
terations may be carried out without departing &om die spirit and scope of the following 
claims. Hierefore, the embodiments and examples described here are in no means in- 
tended to limit the scope or spirit of the methodology and associated devices related to 

30 the present inventioiL 
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Claims. 

1. A sensor for detecting an analyte, comprising: 

a base member having a conductive property, said base member defining a first 
5 conductive element; 

a binding agent layer proximate said base member; 

a semiconductive element proximate said base member^ and, 

a second conductive element that is electrically contacted to said semiconductive 
elem^t and said first conductive element; wherein said base member and said binding 
1 0 agent lay^ define a sensor strq>. 

2. The sensor according to claim 1, fiutiier comprising a chemical entity bound to 
said base member and disposed between said base member and said binding agent layer. 

15 3. The sensor according to any of claims 1-2, fiirther comprising two equipotential 

leads coupling said sensor strip to a detection unit, wherein at least one of said equipoten- 
tial leads is electrically contacted to said semiconductive element. 

4. The sensor according to claim 1, wherein a work function of said second conduc- 
20 tive element is less than a work function of said semiconductive element and said work 

fimction of said second conductive element is greater than a work fiinction of said base 
member. 

5. The sensor according to any of claims 1-4, wherein said second conductive 
25 element is an element of an electrode connected to a detection unit, said second conduc- 
tive element being brought into contact with said semiconductive element, wherein said 
semiconductive element is an element of said sensor strip. 
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6. Hie sensor according to any of claims 1-5, further comprising a packaging 
layer disposed above said binding agent layer, said packaging layer being soluble in a 
medium that contains the analyte.. 

5 7. TTie sensor according to any of claims 1-5, wherein said semiconductive ele- 

ment is an organic compound and is physically associated with said base member on a 
first side of said base member, wherein said binding agent layer is inunobHized on a sec- 
ond side of said base member. 

10 8. The sensor according to any of claims 1-5, wherein said sensor strip comprises 

a plurality of sensor strips. 

9. The sensor according to any of claims 1-5, wherein said semiconductive ele- 
ment is electroluminescent. 

15 

10. A method for detecting a predetermined analyte, comprising the steps of: 

providing an electrfcally conductive base manbw, said base memba- defining a first 
conductive elem^ 

fonning a binding agpnt laya- of macromolecules in proximity to said base member, 
20 wherein said maoomolecules are cepsbh of interacting at a level of specificity with said 
predetermined analyte, 

disposing & semiconductive elment pro?dmate said base member, wherein said 
base member, said binding agent layer and said s^iconductive element define a sensor 
strip; 

2 5 exposing said pred^jermined analyte to said binding agent layei; and, 

detecting an electrical curcent g^ierated in a closed electrical circuit, said electrical 
currrait being responsive to a presence of said pred^amined analyte, wherein said ctosed 
electrical circuit comprises smd base marnb^, said semiconductive elem^ and a second 
oonducth^e element electrically ccnitacted to said semiconductive elonenL 

30 
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1 L ITie method according to claim 10, further comprising the steps of: 

binding a chemical entity to said base member; and 

forming said binding agent layer proximate said chemical entity. 

5 12. The method according to any of claims 10 - 11, wherein said step of detecting 

is performed by equipotentially coupling leads of a detection unit to said sensor strip, 
wherein one of said leads is coupled to said semiconductive element 

13. The method according to claim 12, wherein said step of coupling said detection 
10 unit is performed by contacting electrode to said sensor strip and said semiconductive 

element, electrical passivity of s£ud electrodes being maintained while performing said 
step of coupling. 

14. The method according to claim 13, wherem said second conductive element is 
15 physically associated with one of said electrodes prior to performing said step of cou- 
pling. 

15. The method according to any of claims 10 - 11, wherein a work Miction of said 
• conductive element is less than a work fiinction of said semiconductive element* and said 

20 work ftmctlon of said conducth^e elemm is @:eater than a work funaion of said base 
•m^ber. 

16. The method according to any of claims 10-11, wherein said serfiiconductive 
element' is an organic compound and is physically associated with said base member ca a 

25 first side of said base member, wherelfi said binding ^ent layer is immobilized on a ^c- 
ond side of sdd base member. 

17. Hie m'efliod according to aiiy of claims 10 - 11, forfher comprising the step of 
disposing a packaging layer above said binding agent layer, said packaging layer being 

3 0 soluble in a medium that contains said predetermined analyte. 
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18. Tte method according to any of clanns 10 - 11, fiirther comprising the step of 
generating photonic en^gy in said closed electrical circuit 

5 19. The method according to cl^ 18, wherein said step of detecting comprises des 

tecting said photonic energy. 

20. The method according to claim 19, wh^em said photonic energy is detected 
remote iBrom said sensor strip. 

10 

21. TTie m^od according to claim 10, wherein said sensor strip comprises a plural- 
ity of sensor strq>s. 

22. A sensor for the detection of an analyte through generated electroluminescence, 
15 comprising: 

an electrically conductive base member, said base member defining a first conduce 
tive element; 

a binding agent layer proximate said base member, 

an electroluminescent semiconductive element proximate said base member; and 
20 a second eoiiduetive eteffiem that is electrically cijatacted to said base ffiember mi 

said semiconductive element 

23. The sefiSOf acCCfdiflg t6 Claim 22, Whefeiii a Work functioA of said seCOftd c6ft- 
ductive element is less than a work function of said semiconductive element and said 

25 work fUKctloft of said second conductive element is greater than a work function of said 
base member. 

24. The sensor according to claim 22, wherein said second conductive element is 
optically q)aque. 

30 
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